enjoyment of academic freedom. His way of getting absorbed in a task and his unperturbable good nature made him a favourite target of practical jokes. His friends, when asked to put his geological finds in the rucksack on his back, used to add rubbish and old bottles. He always enjoyed such jokes as much as any of the others.
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Biographical Memoirs Berlin Franck now wanted to devote himself seriously to physics and this is why, in 1902, he went to Berlin, at that time the centre of physics in Germany. The professors there were Rubens, Emil Warburg and Planck, later also Drude and Einstein. Young physicists who later made their names, and with whom he kept in touch at various stages of his life were R. W. Wood, E. Meyer, E. Regener, A. Wehnelt, R. Pohl and W. Westphal. He formed lasting friendships with Otto Hahn, Lise Meitner and Peter Pringsheim. In those days physics offered no easy rewards or careers, and those who took it up were devoted to it and enthusiastic.
In the period up to the First World War, the regular colloquium in Berlin must have been an enormously stimulating and valuable experience for all the young physicists, and Franck speaks of it as the most important thing in his life. Some of the greatest men in physics, including visitors from all over the world, discussed the formidable problems presented by the discoveries in atomic physics and Planck's quantum hypothesis. The informality and intellectual honesty of the discussions made a great impression on Franck. He describes how Planck, the great classical physicist, struggled against the revolutionary consequences of his own discoveries, trying hard to preserve as much as possible of the structure of classical concepts, and finally coming to the conviction that quantum concepts would enter all branches of physics. The younger generation took a lively part in these discussions, and Franck mentions specially F. A. Lindemann who was working with Nernst from 1908 to 1910, and describes him as intense and 'exceedingly quick in the colloquium, especially in astronomy. He knew all the distances, made quick calculations in his head and was able to say: this and that must be wrong because . .
Franck entered the laboratory of Warburg who was later succeeded by Drude. Warburg suggested the study of corona discharges as a subject for his thesis. It was a time when much attention was devoted to gas discharges, with the aim of gaining an understanding of elementary processes involving electrons, atoms, molecules and ions. Townsend had published his measure ments and theories on ionization, and Lenard had carried out his experi ments on the scattering of electrons by atoms which led to his theory of idynamides\ the forerunner of Rutherford's model of the atom. J. J. Thomson's book on gas discharges was regarded as the bible in this field and was of great influence.
Franck found the study of corona discharges unrewarding; he soon formed the view that gas discharges were too complicated and that one should try to 5ŝ tudy the kinetics of electrons and ions undei simpler conditions. He changed the topic of his thesis and measured mobilities of ions by Rutherford's method. For this work he received the Dr. Phil, in 1906. These and further experi ments had demonstrated the smallness of the forces between electrons and some atoms such as those of the noble gases, in contrast to the ' affinity of electronegative atoms and of molecules. He now tried to find a connexion between these facts and the process of ionization by electron impact. In contrast to Townsend he assumed that elastic or partially elastic collisions could allow electrons to accumulate momentum over distances of many mean free paths. The concept of ionization potential had been coined by Stark, Lenard and J. J. Thomson. Lenard found its value generally to be 11 eV, evidently due to the presence of mercury vapour. He left it open whether this was the ionization potential valid for all gases or whether the same impurity was responsible for the results. Many physicists certainly expected at that time that ionization potentials were characteristic properties of atoms and molecules and it was generally taken for granted that light emission was conditional on ionization.
When Franck was joined by his younger colleague and friend Gustav Hertz, their collaboration resulted in a thorough, quantitative study of clastic collisions between electrons and atoms. The accumulation of kinetic energy over many free paths of the electrons in noble gases was definitely proved by their work. Substitution of mercury for the noble gases led to the well-known discovery of excitation potentials in 1914.
The experiments of Franck and Hertz gave the following clear-cut and clearly stated results:
(1) collisions of electrons with mercury atoms are perfectly elastic for electron energies up to 4-9 eV ; (2) above this limit, energy is transferred to the atom, but always in a quantum of 4*9 eV, while any excess is retained as kinetic energy; (3) the inelastic collisions lead to emission of light of the resonance line 2537 A of mercury, and this line only; and the energy loss of the electron is equal to the quantum energy hv of this line.
Franck and Hertz fully realized the importance of their discovery which demonstrated the quantized energy transfer from kinetic to light energy. Einstein's interpretation of the photo-electric effect had implied the quantized conversion of light energy into kinetic and potential energy, but it was based on very scanty experimental evidence at that time. Far more clearly and directly than the photoelectric effect, the experiments of Franck and Hertz proved the reality of the energy quanta postulated by Planck and provided a new method of measuring Planck's constant.
To the reader of today it comes as a surprise to find that in their original papers and even as late as 1916, Franck and Hertz assume that the transfer of this energy quantum also causes ionization of the mercury atom, at least in some of the collisions, so that 4 • 9 volts is actually described as the ionization potential of the mercury atom. A closer study of the background, however, makes these assumptions much less surprising. Niels Bohr's fundamental paper on the quantum theory of the hydrogen atom had been published about 6 months before the completion of their experiments, and Franck and Hertz had either not seen it at all or at any rate not realized its importance and its bearing on their experiments. An attitude of scepticism towards Bohr's theory was widespread at that time. Sommerfeld is said to have regarded it at first as an ingenious mathematical formulation, but to have doubted whether it had any bearing on problems of atomic structure; J. J. Thomson did not think much of the theory. Two younger German physicists, both of them later Nobel Laureates, were reported to have sworn that they would give up physics if this 'Bohr nonsense' should turn out to be true.
On the experimental side, reliable observers had reported that mercury vapour was ionized when irradiated with light of the resonance line 2537 A, and Franck and Hertz themselves had observed some ionization. Several years were to elapse before these observations were shown to be caused by secondary effects; they were due partly to photoelectric effects on the electrodes and partly to metastable atoms being either ionized by further collisions or releasing electrons from the metal surfaces. Though Bohr's papers make it clear that the ionization energy of hydrogen is higher than the value hv of any spectral line, it was not so obvious that this would also hold for atoms wdth several electrons. Also, in the first papers in 1913, Bohr thinks of the emission of light as resulting from recombination of ions and electrons followed by cascade emission, not from direct excitation.
Before the acceptance of Bohr's theory, it w as not at all clear how quantum concepts could be related to ionization phenomena, though Stark had put forward some ideas tending in the right direction. One thought of electrons in atoms and molecules largely in terms of harmonic oscillators, and it w7 as reasonable to assume that the absorption of a quantum of energy would make it easier for an atom or molecule to be ionized. Franck & Westphal (1912) had looked for such an effect and had, in fact, found that irradiation of iodine vapour by strong light reduced the ionization potential. Though the observations were undoubtedly correct, their interpretation was more com plicated and became possible only much later, on the basis of Franck's work on the direct photo-dissociation of molecules.
The outbreak of the First World War, interrupting scientific work and the exchange of information, prolonged the state of confusion over the question of ionization. It was during the war that van der Bijl, on suggestions by Niels Bohr, proved the spurious nature of the photo-ionization effects mentioned.
In the concluding passages of his Nobel Lecture (1927) , Franck speaks of 'the wrong tracks and detours we took in a field where the straight road has now been opened up by Bohr's theory'. This passage characterizes the relations which had developed in the meantime between Franck and Niels Bohr. Max Born found that Franck regarded Bohr as almost infallible and recalls an occasion when he, Born, had cleared up a theoretical point for Franck by an explanation which could easily be tested by experiment. When he asked Franck a little later if he had tried the experiment, the answer was: 'No, I am still waiting for a letter from Bohr. ' The time in Berlin, from 1902 to 1921, was important not only for Franck's development as a physicist but also in his personal life. In 1911 he married Ingrid Josephson, a Swedish pianist from Goteborg, and their two daughters Dagmar and Lisa were born there.
From his own reports and those of his friends, one gains the impression of a rich and active life, a large circle of friends passionately devoted to physics and spending unlimited hours in the laboratory with experiments and discussions. The friendships merged into the home life, and we hear of musical evenings in the home of the Francks, with Einstein playing the violin and Lise Meitner introducing them to Brahms's Lieder.
In 1911 Franck received the 'venia legendi', the first step in the career of a university teacher, in 1916 he was made an assistant professor and in 1918 associate professor.
The outbreak of war in 1914 interrupted the work of Franck and Hertz at a most critical stage; both joined up and were sent to the front. Though Franck received a commission and distinguished himself in the war, it was from a sense of duty rather than from conviction that he became a soldier, and the military atmosphere can never have been much to his liking. Born tells a story of Franck when he was first put in charge of a column of men; his words of command were 'stand to attention!-please' (Stillgestanden!-bitte). Commanding and bossing people about has always remained utterly against his nature, and the story, whether true or not, describes him well. His war service did not last very long; he caught dysentery in Russia, became severely ill and was sent home to recover.
From 1917 to 1921 Franck was head of a section of the Kaiser Wilhelm Institut f. Physikalische Chemie-later called Max Planck Institut-whose director was Fritz Haber. It was in these years that he met Niels Bohr for the first time. This first contact appears to have been during Bohr's visit to Berlin when the younger physicists insisted on arranging a discussion meeting when they could have Bohr all to themselves, any full professor or Geheimrat being strictly excluded. They could ask him questions without inhibition, and Franck describes Bohr's immense ability to concentrate, in the presence of others, while his face looked completely empty, until the answer was pro duced. In these talks, Bohr always stressed the provisional nature and philosophical inconsistency of his quantum theory. It was this wisdom and his complete freedom from conceit which created such deep respect and admiration in the young physicists that Franck describes it as bordering on hero worship. He also visited Niels Bohr in Copenhagen and established a lasting personal friendship with him.
Jointly with a number of co-workers Franck continued the study of the inelastic collisions of electrons with both atoms and molecules, of excitationand ionization-potentials, but now with Bohr's theory as a guiding principle. The theoretical adviser of the group was Fritz Reiche, and it was Franck, Knipping and Reiche who coined the word ''metastable ' and established the important part of metastable states in excitation processes. The question of how metastable atoms finally lose their energy, now strongly occupied Franck's attention. Franck & Grotrian (1921) show how the long life of metastable helium atoms could lead to formation of He2 molecules in discharges. Altogether, the formation of molecules interested him to an in creasing extent, e.g. the formation and spectra of Hg2 and Na2.
Gottingen
In 1921 Franck accepted the offer of a chair of experimental physics at Gottingen. Max Born had been offered the chair of theoretical physics at that university, and he made his acceptance conditional on an offer of an experimental professorship to be made to Franck. The position was ideally suited to Franck; there were two professorships, each with its own depart ment, though these were in the same building. One was occupied by R. Pohl who had the duty of giving the general lecture in physics, the 'grosse Vorlesung' which was the normal commitment of a full professor in Germany. It was attended by large numbers of students from all branches of science and was therefore very lucrative. Pohl, an excellent experimenter and lecturer, made a great success of these lectures, delivered in an almost popular style and with brilliant demonstrations. Franck disliked lecturing to large audiences and was glad not to be burdened with this task in Gottingen. Some years later, when he had the offer to become Rubens's successor in Berlin, one of his conditions was that he would not have to give the large lecture. Though this was granted, he finally did not accept the offer.
Practical classes were the responsibility of Franck and his 'Assistenten' in Gottingen, and he often made an appearance there, talking to individual students about their experiment and discussing questions connected with it. This personal contact with the head of the Department was greatly valued by many students, even though it was bound to be a rare experience for any one of them.
Most important, Franck now found himself again in the same place with Max Born, and the close co-operation, friendship and exchange of ideas between these two are vividly remembered by anyone who had the good fortune to be at Gottingen at that time. The department of theoretical physics occupied a few rooms in the same building, and the close scientific and personal relations between the two professors included lecturers and research students. According to Born, he and Franck discussed every one of their publications together, in these 12 years, though they published no more than three papers together.
A regular feature was the seminar which Born and Franck held jointly. A student in his last year before the beginning of research, or a research student would be given a subject on which he had to give a talk at the seminar, and had to stand up to friendly though quite searching questions. At that time, there was no university examination before the Dr.Phil, for a physicist, and the acceptance of a research student was left entirely in the hands of the professor. Admission to Franck's laboratory became very competitive, and his decision was mainly based on the performance of the student at these seminars.
Once admitted, the research student became not only a pupil of Franck but a member of a community tied together by common scientific interests, friendship and, not least, by a feeling of respect and devotion to Franck. Fie himself would generally propose the subject of research for the student, but the progress of the work was supervised by him jointly with his 'Assistenten'. Twice a week, at a fixed time, they all would tioop into the room of the student on a kind of ward-round to discuss progress, difficulties and questions of apparatus. Prolonged discussions with research students and especially with the members of the staff would take place either in his room or he would take one for a walk into the pleasant surroundings of Gottingen. On such occasions he would talk about his ideas and plans of research, clearing them up for himself while explaining them to the younger colleague and answering his questions. Such walks were a highly valued and unforgettable experience, and their only drawback was Franck's fondness of warmth that tended to make him choose the sunniest paths. He would be too absorbed in the subject of the discussion to notice the discomfort of the young man at his side mopping his brow.
Life in the laboratory was characterized by great informality, allowing physics and private life to merge pleasantly into one another. At lunch time, the Professor and his Assistenten would bicycle home together or, in the summer, meet for a sandwich lunch in the open swimming pool. How extraordinary and unusual all this was can only be realized by those who knew the position of absolute power of professors in pre-war Germany and the stiffness and formality of their relations to the staff and students in most laboratories.
The weekly colloquium was held jointly by the three physics professors, Born, Franck and Pohl and was, not by compulsion but as a matter of course, attended by all members of the laboratory. These included always some foreign guests spending a semester or two in Gottingen. Among them were 
of the second Since the process was difficult to observe in this form, Franck and his co-workers studied the de-excitation by collisions of the second kind with other atoms or with molecules. This could be done by measuring the extinc tion of fluorescence on addition of foreign gases. It was found that excitation energy could be converted not only into kinetic energy but even more effectively into other forms of energy. As early as 1911, Franck and Wood had found that the series of doublets in the resonance spectrum of iodine vapour was changed into the full band spectrum on admixture of gases, and this could now be explained as loss of vibrational and rotational energy as result of collisions of the second kind. The dissociation of hydrogen molecules by collisions with excited mercury atoms was discovered by Cario & Franck (1922) and has become a well-known example of sensitized photo-chemical reactions. Transfer of excitation energy from one atom to another was found by the same authors (1923) and has become known as sensitized : they found that in a mixture of mercury and thallium vapour, irradiation with mercury resonance light produced strong fluorescence of thallium atoms. Franck was the first to point out the importance of resonance in energy transfer of this kind. The great efficiency of the process of transfer of energy from mercury to thallium was correctly ascribed to the closeness of their excitation potentials, and the ease of transfer of mercury atoms from the level 6 to the metastable level 6 :iP0 was similarly explained. Franck (1928) also pointed out the possibility of a type of collision of the second kind which forms the inverse to the process of ionization by electron impact: the collision of a positive ion with two slow electrons can, by recombination, produce a neutral atom and a fast electron.
The state of polarization of fluorescent light was another subject of resear in Gdttingen by Franck and his pupils. In particular, the depolarization caused by an external magnetic field, which formed the subject of Hanle's dissertation, has proved to be of lasting importance. Quite recently, the ' 'Hanle e f f e c t ' has been used for measurements of life times of excited states. It was presumably the excitation of molecules by electron impact that led Franck to think about the connexion between electronic and vibrational energy, and it was here that the collaboration of Born & Franck proved most fruitful. Their two joint papers (1925) contain the basic ideas of molecule formation by triple collision, of the Franck-Condon principle, the theory of continuous molecular spectra, and of adsorption catalysis. Potential curves are used here in the now familiar way, and also the influence of rotation on these curves is discussed. The concept of ' q u a s i -m o l e c u l e s' makes its first appearance and is defined in these papers. For example, the second of these states: 'We therefore find that, with regard to emission and absorption of light, a pair of atoms during a collision behaves just as if they formed a genuine molecule with nonquantised oscillation and rotation. ' In Franck's paper on 'Elementary processes of photochemical reactions' (1925) the method of deriving energies of dissociation from extrapolation of vibrational levels and the principle governing the intensity distribution among vibrational transitions in electronic spectra (later ' ') are stated for the first time. It is interesting to see how he formed this unified picture of the process mainly from three previously unconnected sources. Lenz, in his theory of band spectra, had pointed out that the correspondence principle leads to a connexion between the coupling strength of oscillatory and electronic motion, and the change of vibrational energy; Franck & Born had separated clearly the electronic motion and that of the nuclei. Mecke had observed a long series of vibrational transitions with markedly decreasing spacings in the spectrum of iodine. By linking up these facts and theories, Franck arrived at his clear, graphical statement of the connexion between electron transition and motion of the nuclei. Condon's quantum-mechanical treatment added rigour and quantitative information to what is now known as the ''Franck-Condon principle' . At the time of Franck's paper (1925) , the first excitation energies of the halogen atoms were not known, and he had to estimate them. When they were derived from the spectra soon afterwards, Franck's predictions of the convergence limits in bromine and chlorine were confirmed by measure ments in his laboratory, and the method now gave accurate values of the heat of dissociation of the halogen molecules. Observation of continuous ab sorption spectra and fluorescence experiments provided independent proof for the correctness of Franck's postulate of photo-dissociation in a single process, without collisions.
Though Franck fully recognized the power of mathematical and quantummechanical methods and had a good understanding of their essentials, he always developed his ideas from concrete models and pictures. He used to discuss problems of molecular vibration by using his two fists as representing the nuclei and, of course, by means of innumerable potential curves of different shapes drawn on the blackboard.
In the following years, Franck's method of extrapolation was applied to measurements and estimates of energies of dissociation, in his and many other laboratories. Numerous studies of band spectra, mainly in absorption and fluorescence, were carried out by him and his co-workers. In heteropolar molecules, such as alkali-halides in the vapour state, absorption maxima without structure were found and explained by direct photo-dissociation due to transitions to the repulsion branch of the potential curve above the dissociation limit. The state of the dissociation products could often be identified. Sequences of structureless bands were explained as transitions from vibrational levels of the molecule in the ground state to an excited state with no or hardly any minimum in the potential curve.
The possibility of following up the vibiational states to the limit of con vergence led Franck to the attempt to define atomic and ionic bonds in diatomic molecules. He assumed that adiabatic increase of internucleai distance would lead in a unique way to either atomic or ionic states. Further developments of the theory of molecular states later showed that this is not generally permissible.
The Franck-Condonprinciple has since been applied to such a number and variety of phenomena in chemistry and molecular spectroscopy that it would be futile to quote individual examples. It has been extended to polyatomic molecules, to predissociation phenomena, to the study of Van der Waals molecules and to the pressure broadening of spectral lines.
The study of continuous bands in molecular vapours led Franck to the chemically more involved phenomena of absorption bands in liquids and eventually to his work on photosynthesis which became his main interest in later years.
In 1933 the fruitful and happy period in Gottingen was brought to an end by political events. When Hitler came to power the universities were to be 'cleansed' of all those who, by race or conviction, were objectionable to the new regime. Franck himself, though Jewish, could have remained in office because he had fought in the war, but the new legislation would have forced him to dismiss co-workers and students who were either 'non-aryan' or politically suspect. It would have been easy for Franck to compromise, and there were many good and reasonable arguments in favour of such a course; but Franck saw clearly that this was a fundamental issue, to be decided on principle instead of expedience. Against the warning of many genuinely well-meaning colleagues, he resigned his professorship in April 1933 and published his statement of resignation and protest in the national press. Neither he nor anyone else thought that this action would have any effect on the course of events, but it was simply the right thing to do and will be gratefully remembered by many as one of the few open protests coming from the universities in Germany against racial discrimination and the suppression of academic freedom. A considerable personal risk was clearly involved, but fortunately nothing happened to Franck, and later in the year he and his family left Germany.
Before leaving, however, Franck made it his task to use his connexions with foreign scientists for helping many young colleagues and pupils to find refuge abroad. In these years of world depression this was far from easy. The active and powerful help of his old friend F. A. Lindemann, later Lord Cherwell, was timely and highly welcome. Within less than a year the laboratory virtually dispersed; most of the staff members were either dis missed or had to leave the university or the country for one reason or another.
America
After a short visit to Baltimore and other places in America Franck spent more than a year in Copenhagen as visiting professor in Niels Bohr's department. In 1935 he and his family finally moved to the U.S.A. where he accepted a professorship at Johns Hopkins University, Baltimore.
During these years of transition, his publications with E. Rabinowitch and H. Levi deal with photochemical effects in solutions and the primary recom bination of the dissociation products. His entry into the field of photosynthesis is marked by experimental work with R. W. Wood and theoretical work with K. F. Herzfeld. In 1938 he was appointed Professor of Physical Chemistry at the Uni versity of Chicago where the Samuel Fels Foundation established a laboratory for photosynthesis. Until his retirement in 1949 he directed this laboratory, and after this time, when his co-worker and friend H. Gaffron had been made director, he continued to take an active part in the work of the laboratory.
Photosynthesis was not, however, his only interest while in Chicago, as the list of publications shows. His joint paper with E. Teller (1938) opened up the application of the exciton theory to photochemical changes in crystals and has proved to be of basic importance in this field. It has advanced the understanding of the photographic process. The paper with J. E. Mayer (1947) dealt with the transport of materials through cell membranes.
During the Second World War Franck decided to shelve his research and joined the Metallurgical Project in Chicago, which formed part of the atomic bomb project; he was put in charge of the chemistry division. The ultimate aim of this work was as distasteful to him as to most, but the danger that the bomb would first be made by Germany under Hitler was too real to be ignored. The surrender of Germany altered the situation and he, like many scientists involved in the project, became seriously concerned about the consequences of using this entirely new kind of weapon. The director of the Metallurgical Laboratory appointed a committee consisting of three physicists, three chemists and a biologist under the chairmanship of James Franck to consider the 'social and political implications' of using the bomb. The report, sub mitted to the Secretary for War on 11 June 1945, six days before the New' Mexico test, became known as the '
Franck ' and wa published in the Bulletin of Atomic Scientists (1946) . It urges the U.S. Govern ment to consider the use of the bomb as a fateful political decision and not merely as a matter of military tactics. It points to the danger of a nuclear arms race and concludes: 'If the United States were to be the first to release this new means of indiscriminate destruction upon mankind, she would sacrifice public support throughout the world, precipitate the race for armaments and prejudice the possibility of reaching an international agree ment on the future control of such weapons. Much more favourable con ditions for the eventual achievement of such an agreement could be created if nuclear bombs were first revealed to the world by a demonstration in an appropriately selected, uninhabited area. ' Whether one agrees with these conclusions or not, the Franck report will remain a historical document testifying to the sense of responsibility of the scientists engaged in the project. The dangers of nuclear war, the problem of East-West relations and all their political implications always remained a matter of deep concern for Franck. After the war Franck was not, I believe, on any of the committees advising the Administration, but many of the scientists with such responsibilities kept in touch with him and sought his advice.
After Franck's emigration, if not earlier, the health of his wife gradually deteriorated, and she died in 1942. It was fortunate for him that both his daughters, Dagmar v. Hippel and Lisa Lisco, had also settled in America. The close attachment to them and their families greatly added to the happiness of his life; his grandchildren were attached to him and always liked to discuss with him their problems, whether they were human or scientific.
In 1946 Franck married Hertha Sponer, professor at Duke University, and divided his time between Chicago and their home in Durham, North Carolina. She had been his pupil and co-worker and an old friend of himself and his family.
After the war, Franck resumed his work on photosynthesis. There has been much controversy on his theories, and it is difficult for the non-specialist to assess their importance and validity. W hat follows is the text, with small modifications, of a review written by Professor Eugene Rabinowitch.
'Having established many of the basic relationships determining the interaction between simple molecules and light quanta, Franck became interested, in 1933, in the fundamental photochemical process in nature, photosynthesis-the process by which simple stable molecules, C 0 2 and H 20 , are converted, in living plant cells, into organic materials, primarily into carbohydrates (CH20)". He hoped at first that application of quan titative, physical experimentation to this process, which had been studied since the late eighteenth century by plant physiologists and organic chemists, would soon clarify its most puzzling aspect, namely the mechanism by which a large proportion of the energy of several, probably eight, quanta of visible light is converted into chemical energy of the system -(CH20 ) " + 0 2. The n problem proved, however, more difficult than he had expected and held him spellbound for the last 30 years of his life. His last paper, together with J . Rosenberg, summarizing his ideas about the mechanism of photo synthesis, was sent to the Journal of Theoretical Biology a few weeks before his death.
'Until growing infirmity put an end to Franck's work in Chicago, he carried out a considerable number of experimental investigations, particu larly on the fluorescence of chlorophyll in the living cell, and these remain fundamental for any acceptable theory of photosynthesis. In agreement with earlier work by Wassink and others, Franck & Shiau (1947) found that very high intensity of illumination brought the yield of fluorescence of chlorophyll in vivo to about twice the level observed in weak light.
'These and similar findings have led Franck to the development of a biochemical and biophysical model of photosynthesis. Even after he was obliged to stop his experimental work, five or six years ago, because of a series of heart attacks, he continued work on this model, trying to adapt it to cover new experimental results. 'Franck's specific model of photosynthesis has not been generally accepted by other researchers in this field, particularly because for many of them the most important aspect of the problem was the detailed sequences of chemical transformations involved in the conversion of C 0 2 into sugar, and not the primary photochemical act in which light was converted into chemical energy, as for Franck. His work was, however, influential in that it gradually led the students of photosynthesis to recognize the importance of his theoretical points of view and physical findings, and try to do justice to them in their speculations. Recently the two developments, evolution of Franck's model of photosynthesis and evolution of general understanding of the biophysical aspects of photosynthesis, led to a considerable rapprochement. At the Photosynthesis Conference in Airlie House, Virginia, in October 1963, Franck had the satisfaction of discussing his concepts with others who had full understanding for his approach. There remains one important difference between the model of Franck and Rosenberg and those derived by other workers: all assume two successive photochemical steps lifting hydrogen from its low reducing potential to its high reducing potential in CH20 ; but while others are inclined to see these two steps as occurring in two different chlorophyll molecules, Franck envisages a two-step process sensitized by one and the same chlorophyll molecule, first in the singlet and then in the triplet excited state. This concept is based on the above-men tioned doubling of the yield of fluorescence upon light saturation of photo synthesis. It may well be that Franck's ingenious picture will prove to be the right one although it requires some ad hoc hypotheses to explain certain other experimental facts.
'Franck's controversy with Otto Warburg about the quantum yield of photosynthesis, which attracted so much attention, was a case of Franck standing up for the experimental results of Emerson and others which made sense to him as a physicist, and W arburg's insistence that the conclusions of spectroscopy, reaction kinetics and thermodynamics, except for its first law, are of no validity for the living cell. According to Warburg, plants can carry out photosynthesis with a quantum yield requirement of less than three quanta per molecule C 0 2, which means 100% conversion of light energy into chemical energy. While Franck began with the difficulty of interpreting W arburg's first findings of a quantum requirement of 4, and was much relieved when Emerson and others found considerably higher values, perhaps down to 6 but more likely 8 or more, Warburg reduced his figure to the completely implausible value of 2-7, making photosynthesis into a complex chemical mechanism operating without any friction. The reason for the experimental disagreement between Warburg and nearly all others who have measured the quantum requirement remains unexplained. ' A full discussion of Franck's theoretical work on photosynthesis has most recently been given by Roderick Franck's direct contributions to the fields of physics, chemistry and biology, during more than half a century of active life, are recorded in his publications and those of others acknowledging his advice. A contribution more elusive to the biographer though no less real and important was the influence of his personality on those who worked with him or under him. He always talked on equal terms, no matter how great the real difference in understanding might be, so that everyone felt at ease with him. He did this not by any intention but simply by always being his natural self, a self that was singu larly free from conceit or false pretences. In such talks one could take part in his struggle with a problem and could see a confused situation gradually clear up. Dialogue or discussion in small groups were his form of expression, rather than lecturing. Even the specialized lectures to small audiences in Gottingen made him feel a little uncomfortable, and before these lectures one often met him wandering about the corridor, pensive and just a little nervous. Though one remembers his face mainly as serious and reposed, he loved jokes and could laugh heartily, but his humour was never caustic or at the expense of others.
Throughout his life, people came to Franck to ask his opinion and advice, not only in matters of science but in all kinds of difficult situations where he could claim no special knowledge or experience. This unlimited confidence, and the affection he inspired can be ascribed to two features which stood out in his character: his absolute, natural honesty, both intellectual and moral, and his profound human warmth and kindness. He would give his attention and thoughts to a human problem as thoroughly as to a scientific one.
His character was written on his face. No one who had the good fortune of having known him will ever forget the clear, warm look in his eyes. Nothing small or petty had any room in his thoughts or feelings.
The Hitler period had cast a deep and lasting shadow over Franck's life, and it was not an easy decision for him to visit Germany again for the first time after the war. The welcome he found there not only among his old friends and pupils, but in a much wider circle, must have shown him how much had changed in Germany, and he repeated his visit several times. In 1951 he was awarded the Max Planck Medal of the German Physical Society, and in 1953 the town of Gottingen gave him the Freedom of the City, at the same time as Born and some other old friends of Franck's. Heidelberg and other German universities awarded him honorary Doctor's degrees.
In the post-war years Franck's health caused him increasing trouble and gave concern to his family and friends. Fortunately, this physical decline had no effect whatsoever on his mind which remained clear and active to the last. He had just visited old friends in Germany and spent happy hours of reminiscing with them when death came rapidly and painlessly to him in Gottingen on 21 May 1964.
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